Introduction
The junctional epithelium, a unique type of epithelium that forms the dento-epithelial junction, adheres to teeth by hemidesmosomes in the internal basal lamina (1, 2) . Laminin-5 has been identified in the internal basal lamina of the junctional epithelium by immunohistochemistry and by in situ hybridization (3, 4) . It is well known that the basal lamina is composed of extracellular matrix containing laminin, type-4 collagen and proteoglycan (5, 6) . However, only laminin-5 is found in the internal basal lamina, which also lacks type-4 collagen, and both of those elements are found in the extracellular matrix (3).
Laminin is a cross-shaped heterotrimer consisting of three subunits. Fifteen kinds of laminin have been identified thus far, all of which consist of combinations of three a, three ß and three ? chains (7) . Laminin-5, which consists of subunits of a3, ß3
and ?2, in particular contributes to cell adhesion associated with integrin a6ß4 at hemidesmosomes (5, 8) . A recent investigation on the localization of laminin-5 and integrins in cultured gingival epithelium demonstrated the existence of these proteins that were produced by the epithelial cells where they contacted the surface of the culture dishes (9) . However, the detailed localization and expressed quantity of these proteins in situ have not yet been confirmed.
As the internal basal lamina adheres to the enamel surface, it is difficult to
analyze, in a quantitative manner, exclusive adhesion proteins of the junctional epithelium. For this reason, quantitative analysis of adhesion proteins, including laminin-5, integrins a6ß4 and a3ß1, has not been reported. Consequently, it remains to be determined why there is no laminin other than laminin-5 in the internal basal
lamina. To determine and analyze the relative distribution of these adhesion proteins in the junctional epithelium, sulcus epithelium and oral gingival epithelium, laser microdissection would be useful to allow cells or tissues to be exclusively and accurately targeted under a microscope (10, 11) .
On the other hand, it has been suggested that laminin-5, together with integrins a3ß1 and a6ß1, is involved in cell motility during the invasion of cancer cells and wound healing (12, 13) . It has been controversial whether directly attached to the tooth-facing cells (DAT cells) of the junctional epithelium can migrate, although the turnover time is believed to be faster in the junctional epithelium than in the oral gingival epithelium. Several investigators have proposed that DAT cells may be nonmigratory cells and that they do not participate in the turnover of the junctional epithelium (3, 14, 15) . In contrast, other studies have reported evidence supporting a high turnover of DAT cells (16) (17) (18) (19) . Thus, questions remain about whether DAT cells migrate to participate in cell turnover of the junctional epithelium (regardless of their expression of adhesion proteins), why there is no laminin (other than laminin-5) expressed in the internal basal lamina and how adhesion proteins are related to turnover of the junctional epithelium. In this study, we investigated the expression and immunolocalization of laminin ?2 that possessed only laminin-5, integrin ß4 that can only form a heterodimer with integrin a6, and integrin a3 that can only form a heterodimer with integrin ß1, in DAT cells of the junctional epithelium, in basal cells of the oral gingival epithelium and in basal cells of the sulcus epithelium, using laser microdissection. We also measured cell migration using 5 -bromo-2-deoxyuridine staining, and we discussed the involvement of laminin and integrins in the adhesion and migration of junctional epithelium cells.
Material and methods
Sample preparation (immunofluorescence microscopy and laser microdissection)
Gingival mucosa was obtained from 36-wk-old-male ICR mice, each weighing ˜ 30 g. The animals were deeply anesthetized with 100 mg/kg of 25% sodium thiopental. After dislocating M1 and M2, the gingival epithelium surrounding the maxillary molar teeth, including the junctional epithelium and molar teeth, was detached. A spoon excavator was inserted from the gingival sulcus under the substance microscope and the molar teeth were then carefully exfoliated from the gingival epithelium. Afterwards, it was confirmed that there was no remaining gingival epithelium on the tooth surface. The palatal gingiva was excised linguo-buccally between M1 and M2, embedded in optical cutting temperature compound (Sakura Finetechnical, Tokyo, Japan) and frozen quickly in isopentane that had been refrigerated in liquid nitrogen.
Frozen sections were cut at 6 -µm thickness for analysis using immunofluorescence. Other frozen sections were cut at 8-µm thickness and were mounted on glass slides on which films were mounted for laser 
Results

Immunofluorescence
The expression patterns of laminin ?2, integrin ß4 and integrin a3 were distinct in the gingival epithelia, including the junctional epithelium (Fig. 2) .
Intense immunoreactivity for laminin ?2 was observed as straight, linear and green-colored fluorescence and was evident on the surface of DAT cells corresponding to the internal basal lamina. A fairly thick, interrupted immunopositive line was found in the internal basal lamina ( Fig. 2A ) but no positive reaction was detected in any part of the junctional epithelium. Weak immunolabeling of laminin ?2 was discernible in basal cells of the sulcus epithelium, which corresponds to the basal lamina, but no immunofluorescence was apparent in cells of the sulcus epithelium (Fig. 2B) . Positive staining for laminin ?2 was restricted to a continuous and narrow zone parallel to the epithelial ridge at the boundary between the basal cells of the oral gingival epithelium and the connective tissue corresponding to the basal lamina (Fig.   2C ). The fluorescence was distributed diffusely along the boundary.
Strong reactivity for integrin ß4 was seen in the cytoplasm of DAT cells and in three to four layers of cells located just beneath the cells facing the enamel (Fig. 2D) . A linear positive reaction was also detected in part of the external basal lamina of the junctional epithelium. Weak labeling of integrin ß4
was distinct in the cytoplasm of basal cells and in the basal lamina of the sulcus epithelium (Fig. 2E) . Positive reactions were evident at the interface between the oral gingival epithelium and in the connective tissue corresponding to the basal lamina. Faint immunoreactivity for integrin ß4 was also observed in the cytoplasm of basal cells of the oral gingival epithelium (Fig.   2F ).
Interrupted and intense labeling for integrin a3 was clearly discernible on the surface of the DAT cells (Fig. 2G) . A faintly positive reaction was also detected in the cytoplasm of the DAT cells and in three to four layers of cells located just beneath the DAT cells. Slightly positive reactions for integrin a3
were detected on the cell membranes of basal and suprabasal cells of the sulcus epithelium (Fig. 2H) . Clear labeling was also found at the boundary between the basal cells of the oral gingival epithelium and the connective tissue. Weak reactivity for integrin a3 was also evident in the cytoplasm of the basal cells (Fig. 2I ).
Quantitative real-time RT-PCR
The expression of laminin ?2 (lamc2) and of integrins ß4 anda3 (itgb4 and itga3) at the RNA level in the DAT cells of the junctional epithelium was higher than in the sulcus epithelium or in oral gingival epithelium (Fig. 3) .
The highest level of gene expression of laminin ?2 (lamc2) was found in DAT cells (p < 0.01) (Fig. 3B ). This value was ˜ 12-fold higher than that present in the oral gingival epithelium. In basal cells of the sulcus epithelium, the level of lamc2 was ˜ 2.3-fold higher than that present in the oral gingival epithelium.
The level of gene expression of integrin ß4 (itgb4) in the DAT cells was ˜ 1.3-fold higher than in basal cells of the oral gingival epithelium (Fig. 3C ), although the difference was not statistically significant (p < 0.05). On the other hand, the expression level of integrin ß4 in the sulcus epithelium was lower than in the other two types of epithelia.
The expression level of integrin a3 (itga3) in DAT cells of the junctional epithelium was ˜ four-fold higher than in the oral gingival epithelium (Fig. 3D ).
However, the expression level of integrin a3 in the sulcus epithelium was lower than in the oral gingival epithelium (Fig. 3D) .
5-Bromo-2-deoxyuridine staining
Numerous 5-bromo-2-deoxyuridine-positive cells were observed in basal cells of the junctional epithelium and in DAT cells near the cemento-enamel junction after 2 h (Fig. 4A) . 5 -Bromo-2-deoxyuridine-positive cells were detected over time at the coronal portion of the junctional epithelium ( (Fig. 4D) .
However, the 5-bromo-2-deoxyuridine stain was no longer distinct in DAT cells after 48 h (Fig. 4E ). In the basal cells of the sulcus epithelium, cells labeled with 5-bromo-2-deoxyuridine were localized in the basal layer after 2 h (Fig.   4A ) and they were detected within three layers of the basal side after 48 h (Fig.   4E ). On the other hand, 5-bromo-2-deoxyuridine-positive cells were found in the basal layer of the oral gingival epithelium after 2 h (Fig. 4F ). These cells were found in two or three layers of the basal lamina after 24 h (Fig. 4I ) and were also observed in the spinous layer of the oral gingival epithelium after 48 h (Fig. 4J ).
Discussion
It is thought that hemidesmosomes are composed of laminin-5 and integrin a6ß4 (20) , and thus both laminin-5 and integrin a3ß1 may participate in cell migration (12, 13) . In this study, we investigated laminin ?2 and integrins ß4 and a3, because laminin-5 only possesses a ?2 subunit, integrin ß4
(which may be involved in cell-extracellular matrix contact) and integrin a3
(which induces cell migration) (7, 12, 21) . 
Expression of integrin ß4
We characterized integrin ß4 to determine the expression of integrin a6ß4, because integrin ß4 can only form a heterodimer with integrin a6 (24).
Our results showed that the expression of integrin ß4 mRNA in DAT cells is similar to that in basal cells of the oral gingival epithelium (1. Our results thus suggest that a large amount of unprocessed laminin-5 which can contact with integrin a3ß1 expressed in the junctional epithelium is a prerequisite for cell migration and those adhesions cause cell migration by a focal contact in the tip of the DAT cell. We surmise further that enhancement of plasmin secretion promotes the proteolysis of laminin-5 to assist in the formation of hemidesmosomes in association with integrin a6ß4 (26) .
To understand the details of the regulatory mechanism in adhesion and migration of junctional epithelium is important for the reliable acquisition of epithelial adhesion following dental implants and periodontal surgery. It is probably easier to obtain the connective tissue attachment when we can regulate and suppress the apical migration of gingival epithelium.
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